1. Introduction
===============

Infantile hemangiomas (IHs) has been considered as the most common benign tumor ^\[[@R1],[@R2]\]^ and occurs in 5% to 10%.^\[[@R3],[@R4]\]^ Some previous investigations have revealed that more than 57% of these neoplasms settled on the maxillofacial regions .^\[[@R5]\]^ These lesions are preponderant in white compared with infants in Asia. The prevalence differs among sex, since females are under a higher incidence while the incidence in male infants is somewhat lower at the rate of 3:1 to 5:1. They are characterized by a precursor lesion at birth, such as an area of telangiectasia or pallor, that then proliferate for variable periods until 8 months of age.^\[[@R6],[@R7]\]^

Although majority of cases have been mild and regressive spontaneously, with no need for treatment, but a precious few of IHs may cause comorbidities such as facial scarring caused by skin ulceration or threat to vital structures.^\[[@R1]\]^ Currently, propranolol has been indicated for the treatment of more severe IH ^\[[@R1],[@R8],[@R9]\]^since the benefit of propranolol been discovery in 2008.^\[[@R10]\]^ However, the duration of oral propranolol is assessed uncomfortably by the attending physician. Propranolol was continued for an average of 6.4 months, with a range of treatment duration from 1 week to 15 months in a systematic review.^\[[@R1]\]^ Studies on correlation between efficacy and clinical characteristics are limited.^\[[@R11]\]^ The main objective of our study was to help physicians assess the efficacy in further short-term according to clinical characteristics of lesion.

2. Materials and methods
========================

2.1. Patients
-------------

In total, 82 patients with IH under 1 year of age were included between March 2016 and May 2018 at the Department of Interventional & hemangioma in the Qilu Children\'s Hospital of Shandong University. The group consisted of 27 boys and 55 girls, with a mean age of 3.46 months (range 1.1--11.23 months). The volume of these tumors was measured by Doppler ultrasonography. The diagnosis of hemangioma was done based on the medical history (age of onset), clinical presentations and Doppler ultrasonography. Data was gathered from patient files, including clinical characteristics, imaging examination, treatment effects and side effects. The treatment criteria for IHs were as follows: infants were diagnosed with local complications associated with IHs, such as risk of functional or aesthetic impairment or life-threatening locations. Patients with cardiovascular disorders, hypoglycemic episodes and recent outbreaks of wheezing were excluded from this study.

The baseline characteristics of patients receiving propranolol included each patient\'s gender, age when receive propranolol, location, treatment indication, treatment duration, and clinical outcome. In addition, details regarding propranolol treatment such as dosage, age when first started and terminated, rebound, and side effects were obtained. The ethics committee of Qilu Children\'s Hospital of Shandong University agreed with this study and the parents of all infants provided written informed consent for publication.

2.2. Dose and duration
----------------------

All patients in this study were initially managed as inpatients, and then in an outpatient. Patients were started on oral propranolol at 1.5 to 2.0 mg/kg/day in three divided doses and monitored for any cardiovascular and metabolic side effects over 24 hours. The dosage of propranolol was adjusted to 2.0 to 3.0 mg/kg/day in 2 divided doses after 2 weeks treatment until met the requirement of stop therapy. Withdrawal was accepted under the following conditions:

1.  if the lesion had completely involuted and without reappeared during the period of drug withdrawal;

2.  if there was no response or mild response at 6 months after initiating treatment;

3.  if the patient experienced unacceptable drug toxicity.

2.3. Evaluation
---------------

To assess the treatment response, we get the baseline investigations before starting propranolol included longest diameter and thickness of IH according to Doppler ultrasonography, and physical appearance according to high-definition camera. Further records will be got from outpatient follow-up every month. In cases of multiple hemangiomas, each was evaluated separately, then we calculated the average of each score. In our study, patients were divided into three groups based on the above principles after 6 months, poor responders, moderate responders and good responders

Furthermore, baseline investigations before starting propranolol and further change were also recorded to evaluate drug toxicity, such as heart rate, blood pressure, coagulation parameters, blood glucose, and serum thyroid hormone level. Patients' heart rate (HR) and blood pressure (BP) were monitored before initiating treatment, 1 hour, and 4 hours after treatment during hospitalization after the first dose of propranolol. We measured preprandial blood glucose levels at least three times a day during hospitalization and at every follow-up visit. SPSS version 19.0 for windows was utilized to conduct all statistical analyses. The t-test and X^2^-test were used for univariate analysis of continuous and categorical data, respectively. Statistical significance was defined by *P*-values \<.05.

3. Results
==========

A total of 82 IHs patients (27men and 55 women) were studied. IHs are categorized as superficial (72 cases), deep (1 case), or compound (9 cases). The most frequently involved sites were head and neck (53/82). A total of 23 patients had multifocal haemangiomas involving more than one anatomic site. The average age (SD) of the patients at propranolol initiation was 3.5 months (±2.11 months) (Table [1](#T1){ref-type="table"}).

###### 

The clinical data of infants with infantile hemangioma.
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Among 82 patients, 8 were poor responders, 19 were moderate responders and 55 were good responders (Table [2](#T2){ref-type="table"}). The median initiating dose was 2.0 mg/kg/day (range 1.5--3 mg/kg/day). Mean follow-up time for the group was 6.2 months (1.5--16 months). Painless diarrhoea occurred in 56 (68%) cases and was the most common complication. Only 1 case encountered hypoglycemic come due to oral propranolol on an empty stomach.

###### 

Associations between short-term efficacy and clinical characteristics of infantile hemangioma treated by Propranolol.
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An analysis by age at treatment initiation revealed that the infants in whom had the better therapeutic responses at the short-term, the treatment was initiated earlier. This group demonstrated an average age of the patients at propranolol initiation was 3.2 months. In contrast, the group of moderate responders had an average age of 3.6 months and the group of poor responders was 4.3 months. Although the age of treatment initiation differences was not significant (*P* = .207).

The average diameter (SD) of the patients at propranolol initiation was 2.99 cm (±2.75 cm). A larger diameter was discovered in poor responder group than the others. It is a great pity that the evidence is poor to discover the associations between short-term efficacy and diameter (*P* = .160). Gender and multifocality were studied as prognostic factors for short-term efficacy. While, Chi-square test showed that gender and multifocality do not play a role in predicting the response of propranolol treatment based on the *P* value (*P* = .815 and *P* = .170, respectively).

The average thickness (SD) of the patients at propranolol initiation was 0.97 cm (±0.52 cm). While the thickness of lesion in three group had a significant difference (*P* = .013). Then the thickness was divided into two groups separately according to critical point of 0.8 cm, 1.0 cm and 1.2 cm. Moreover, an obvious short-term efficacy has been found when tumor thickness \<1.2 cm (*P* = .034). There was no significant difference of short-term efficacy according to critical point of 0.8 cm, 1.0 cm.

4. Discussion
=============

Beta-blocker therapy is rapidly becoming the first-line therapy for IH. The mechanisms of action of propranolol on IH include induce hemangioma endothelial cell apoptosis via a p53-BAX mediated pathway^\[[@R12]\]^ or the LIN28/let-7 pathway.^\[[@R13]\]^ Currently, Glut-1 as characteristic index to distinguish IHs and all other types of vascular anomalies was confirmed to be therapeutic targets of propranolol.^\[[@R14]\]^ While the real mechanisms are unclear and GLUT-1 immunohistochemical testing is inconvenient or embarrassing in clinical practice.

IHs is heterogeneous and their future efficacy treated by propranolol is not easy to evaluate before the beginning of treatment. Chong and colleagues recognized that there is no relationship between the extent of heart rate (HR) decline after propranolol administration and clinical response 6 months after propranolol therapy.^\[[@R15]\]^ Furthermore, some scholars assumed that the initial response to propranolol could predict the final outcome of IHs.^\[[@R8]\]^ Although the significant effect of propranolol on IHs has been conformed,^\[[@R16]\]^ the number of partial responders and non-responders has also been growing. A large study of include 101 individuals showed that three were poor responders and 39 were moderate responders at 6 months after propranolol therapy.^\[[@R15]\]^ A retrospective study ^\[[@R17]\]^ revealed that excellent response rates were achieved in 65.4% of infants mean 6.5 months after treatment initiation. In our study, the clinical good response rate was 67.07% at 6 months after treatment and 83.63% at the end of treatment. The clinical evaluation was performed 6 months after oral propranolol administration to assess the factors affecting the therapeutic effect. The different clinical response of infantile hemangiomas to propranolol is difficult to interpret.

The thickness of IHs is an important factor in the therapeutic effect of propranolol in this study. Previous studies demonstrated that superficial hemangiomas (mean thickness 0.35 cm) responded excellently and almost all patients get Grade IV response 6 months after treatment,^\[[@R8]\]^ which were higher rates than those reported in other studies.^\[[@R18]\]^ In our cohort, better responses were observed for hemangiomas when tumor thickness \<1.2 cm.

Lesion location as a factor affects the therapeutic response of IHs to propranolol was not been evaluated in this study. Previous studies demonstrated that trunk hemangiomas responded poorly and required longer treatment durations than head and neck hemangiomas.^\[[@R19]\]^ In a recent study for infantile hemangioma of the head and neck also showed the better therapeutic response of parotid, periorbital, cheek, neck and multiple lesions. While some scholars confirmed there was no difference in response to propranolol with regards to the hemangiomas' location.^\[[@R20]\]^ The response was similar in segmental versus localized hemangiomas.^\[[@R21]\]^ Further studies are needed to find predictors of good clinical responses to propranolol.

Investigators have observed that children who started treatment before five months of age had a significantly better response than children who started treatment at a later age.^\[[@R20]\]^ However, Dong et al^\[[@R22]\]^ demonstrated that a poorer clinical response will be got in the youngest age group (1--3 months) than the other age groups. In this study, the different clinical response of infantile hemangiomas was not been observed between children who start treatment earlier and older children. We theorize that the effect of the therapeutic effect and treatment duration may be due to growth characteristics of IHs. Previous results have also demonstrated that there is no clear difference in regress rate between different ages at start of therapy.^\[[@R23]\]^

There was no significant relationship detected between short-term efficacy and clinical characteristics, such as gender, longest diameter in this study. The limitations of this study are small sample size and high patient variability. In this study, the result showed that only one case is deep lesions with poorer response and lengthier treatments. The lesion type had no significant effect on the therapeutic response rates.

Larger prospective studies should be undertaken to investigate the prognostic factors affecting the therapeutic effects of propranolol on infantile hemangiomas.
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